Physics Abstracts

75.40F -75.30K
It is now well established that for the canonical metallic spin glasses irreversibility sets in at a temperature very close to the ac susceptibility cusp temperature Tg for experiments performed in near zero applied field [1] . The onset temperature for irreversibility in stronger applied fields has been the subject of considerable controversy. Recently we reported small angle torque measurements on a CuMn sample which showed that the irreversibility onset temperature varied little with applied field; the experimental temperature dependence appeared to be compatible with the mean field model cross-over de Almeida-Thouless (AT) line [2] . We [3] ; it has been shown to arise from Dzyaloshinsky-Moriya coupling with the lattice. For our purpose it can be considered as leading to a unidirectional anisotropy which for a rigid spin system with remanent magnetization Mr induced by field cooling along z gives a total energy which can be written :
We will be concerned principally with small angle properties -in the experimental protocol we have used turn angles are always small. The torque r is then given by :
Typical torque curves at different temperatures are shown in figure 1 . The initial torque after the field is turned is estimated by extrapolating back to time t = 0 and we can plot r 0(1) for different values of He (Fig. 2) . The results show for each field FO(7) which appears to tend to zero approximately as (T* -T) where T* is a temperature which is field independent to the accuracy of the present experiment. As the curves for different fields coincide for 7;/ S~ 1 kG near T*, we are in the limit Mr H &#x3E; K and r ~ K0 with K independent of H (only in this limit is the torque independent of Mr H and hence of H). K (7-) (0) 0.58 kG ; ( + ) 1.13 kG; (A) 5.5 kG; (8) 9.15 kG.
If the spin system is rigid then r will be independent of time, but the anisotropy K is a remanent quantity which like the remanent magnetization can change with time. In fact we observe relaxation effects which are weak on the scale of one minute for T well below T* but which accelerate as T approaches T*. Torque relaxation has been discussed in terms of a reorientation of the anisotropy axis with time [4] , and the data reported here are consistent with those of Pastora et aL [4] In each case T */T g ~ 0.9.
One might suspect that relaxation effects were the cause of the disappearance of the torque signal at T Tg. However except for very close to T* we can extrapolate back to FO(7-) with some confidence so the points in figure 2 can be considered to be corrected for relaxation.
We can examine the results in terms of mean field model phase diagrams [6] . On this model, a m = 3 Heisenberg system should show onset of transverse irreversibility at a temperature TGT which varies with field as :
A second less well defined criterion suggests an Ising-like cross-over temperature for strong longitudinal and transverse irreversibility at :
The model GT coefficient x is such that in our range of reduced fields TGT would be virtually independent of field so our results are compatible with an onset of non-ergodic behaviour below a GT-like line with however the difference that our TGT is not T g but a temperature T* slightly lower than Tg.
We can comment on the reasons which have led us to revise our previous conclusion [2] that the torque data was compatible with a TAT limit for irreversibility. First, the experiments reported in reference [2] gave results which agree with the new measurements within their respective error bars (Fig. 3) , although the new measurements are more reliable as the sensitivity has been rather than which we used in reference [2] following Chamberlin et al. [8] . The figure 3 are not compatible with the model TAT either as concerns the form of the H versus T relation or as concerns the order of magnitude.
The difference between our observed T* and TGT might be explained by recent theoretical work by Kotliar and Sompolinski [7] who have studied a mean field model of a Heisenberg spin glass with weak random anisotropy. They predict Ising-like behaviour (with an AT-like irreversibility temperature dropping as 77~) below a threshold field related to the anisotropy strength, and a Heisenberg-like behaviour (with a quasi-field-independent GT-like irreversibility temperature) above the threshold field. Our results are consistent with this picture if one assumes that the threshold field of our alloys is below our experimental field range (our lowest field was 0.5 kG). We can note that T*/Tg at our lowest field coincides with the reduced « branch point » temperature of Chamberlin et al. [8] on AgMn 2.6 % at their highest experimental field which is 430 gauss. It is possible that there is a cross-over field from AT to GT behaviour in the region of 500 gauss for this sample. It would be interesting to investigate alloys with strong anisotropy.
We can compare the present results, with other types of experiment [8] . There is a considerable body of evidence that there is a rather well defined cross-over from viscous to non-viscous behaviour in longitudinal fields with a limiting field-temperature relation of the AT type (but with an experimental coefficient ~ which is generally 10 to 100 times the model coefficient). [9] . This has also been taken to show GT behaviour.
In conclusion, torque measurements on canonical spin glasses have demonstrated that the systems show observable non ergodic behaviour below a temperature T* which is essentially independent of applied field in the range of reduced fields T* is about 0.9 Tg for the samples we have studied. This behaviour appears to be compatible with the mean field model transverse irreversibility (GT line) behaviour. Further work is needed to probe the region between T* and T g, and to investigate samples with strong anisotropy.
